An extracellular proteinase was purified from culture filtrates of Cryptococcus neoformans NHPY24 by DEAE ion-exchange chromatography and gelatin affinity column chromatography with azoalbumin as the substrate. The molecular mass of the purified enzyme was 43 kDa by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, its pH optimum was 7.0 to 8.0, and maximal activity was obtained at pH 7.5 and 37°C. By isoelectric focusing, the purified enzyme had a pI of 4.77. Enzyme activity was inhibited by serine proteinase inhibitors such as phenylmethylsulfonyl fluoride and diisopropylfluorophosphate. The purified enzyme was thus a serine proteinase. It hydrolyzed natural substrates including hemoglobin, ␤-casein, and gamma globulin.
Cryptococcus neoformans is an opportunistic yeast pathogen that causes life-threatening meningoencephalitis in 6 to 8% of patients with AIDS (6) . Little is known about the proteins it secretes or releases, despite evidence that they elicit substantial immune responses (4) . Several proteins of C. neoformans have been investigated (1, 3, 8, 9, 18, 19, 23, 24 ; J. M. Goodley and A. J. Hamilton, Abstr. 2nd Int. Conf. Cryptococcus Cryptococcosis, abstr. P1-3, 1993) . Extracellular proteinases are especially important because they may play a role in penetration and virulence (4, 7) . Staib (21) first described the extracellular proteolytic activity of Candida albicans, a member of the other medically important group of Candida species, in 1965. Since then much experimental evidence has accumulated pointing to extracellular proteinases as the most important virulence factors for this fungus (15, 17) . In contrast to C. albicans, the proteolytic activity of C. neoformans has been only superficially investigated (1, 3, 4 ; Goodley and Hamilton, Abstr. 2nd Int. Conf. Cryptococcus Cryptococcosis), and characterization has been hampered by a lack of purified enzyme. In this study, we purified the extracellular serine proteinase from culture filtrates of C. neoformans by column chromatography and characterized the purified enzyme.
MATERIALS AND METHODS
Strain selection and culture. Twelve isolates of C. neoformans were obtained from Korean patients and identified by using a Vitek instrument (Biomerieux, Co., Marcy l'Etoile, France) with a yeast biochemical card. To select a strain producing a high level of proteinase, we used yeast carbon base (YCB; Difco Laboratories, Detroit, Mich.) medium containing 1% bovine serum albumin (BSA; Sigma Co., St. Louis, Mo.), 0.1% polypeptone, and 1.8% agar (Difco). Inocula of the 12 isolates were adjusted to 10 5 CFU/10 l, spread on plates, and incubated at 37°C for 14 days. The amount of proteinase produced by the strains was compared on the basis of the size of the zone of clearing around the colonies. The selected isolate was cultured in YCB broth medium containing 1% BSA and 0.1% polypeptone to harvest the extracellular proteinase.
Proteinase assay. To select the optimum substrate, we compared 1% azoalbumin, 1% hemoglobin, and 1% azocasein (Sigma) as substrates. Ten microliters of crude enzyme solution was incubated with 100 l of each substrate and 290 l of buffer solution at 37°C for 16 h. Trichloroacetic acid (20%; Sigma) was added to stop the reaction, and the precipitated substrate was removed by centrifugation at 15,000 ϫ g for 30 min. The amount of digested substrate was determined by measuring the supernatant at an optical density (OD) at 440 nm (azoalbumin and azocasein) and OD at 280 nm (hemoglobin). One unit of enzyme activity was defined as the amount of enzyme needed to increase the A 440 and A 280 by 0.1 OD unit.
Enzyme purification. Cells were removed by centrifugation at 5,000 ϫ g for 15 min, and the supernatant was filtered through a 0.2-m-pore-size membrane filter (Nalgene Co., Rochester, N.Y.), precipitated with ammonium sulfate (40 to 60%), and centrifuged at 15,000 ϫ g for 30 min. It was then dialyzed against distilled water, and the dialysate was applied to a 1.6-by 15-cm column of DEAE-Sepharose fast-flow beads equilibrated with 20 mM Tris-HCl (pH 8.0) buffer. Bound protein was eluted with a stepwise gradient of 0.1, 0.15, 0.25, 0.5, 0.75, and 1 M NaCl. The eluted fractions were collected, and protein concentration and enzyme activity were determined. Fractions containing proteolytic activity were pooled, dialyzed against distilled water at 4°C, and lyophilized. The partially purified enzyme was further purified by gelatin affinity chromatography (0.8-by 5-cm column) and equilibrated with 20 mM Tris-Cl (pH 8.0), and buffer and bound protein were eluted with a linear gradient of up to 1 M NaCl.
SDS-PAGE. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed according to the method of Laemmli (13) using 12% (wt/vol) polyacrylamide gels (Novex Co.). Proteins were stained with Coomassie brilliant blue R-250 and destained to visualize the bands. Protein standards were phosphorylase b (97 kDa), BSA (66 kDa), ovalbumin (45 kDa), carbonic anhydrase (30 kDa), soybean trypsin inhibitor (20.1 kDa), and ␣-lactalbumin (14.4 kDa) (Bio-Rad Co., Richmond, Calif.).
Determination of isoelectric point. Isoelectric focusing was carried out with pH 3 to 10 polyacrylamide gels along with the standard markers human carbonic anhydrase B (pI 6.55), bovine carbonic anhydrase B (pI 5.85), ␤-lactaglobulin A (pI 5.2), soybean trypsin inhibitor (pI 4.55), glucose oxidase mannitol (pI 4.15), and methyl red (pI 3.75) (Pharmacia Biotech, Uppsala, Sweden).
Determination of optimal pH. The optimal pH of the purified enzyme was determined in various buffers (pH range, 4.0 to 9.0). Ten microliters of enzyme solution in 290 l of 0.1 M sodium acetate buffers (pH 4.0 to 5.5), 0.1 M phosphate buffers (pH 6.0 to 7.5), 0.1 M Tris-HCl buffers (pH 7 to 8.5), and 0.1 M glycine-OH buffers (pH 9.0) was incubated for 16 h at 37°C with 100 l of 1% azoalbumin. Enzyme activity was measured at 440 nm with a spectrophotometer.
Determination of optimal temperature. To determine the optimal temperature, 10 l of enzyme solution in 290 l of 0.1 M sodium phosphate buffer (pH 7.5) was incubated for 16 h at temperatures from 4 to 70°C with 100 l of azoalbumin.
Effect of proteinase inhibitors. The purified enzyme was preincubated at 37°C for 2 h in 0.1 M phosphate buffer (pH 7.5) with inhibitors, and 100 l of substrate was added. The reaction mixtures were incubated at 37°C for 16 h, and enzyme activity was measured. The inhibitors used in this study were leupeptin (100 M),
, and EDTA (5 mM). All inhibitors were purchased from Sigma.
Degradation of natural substrates. Hemoglobin (bovine), ␤-casein (from bovine milk), and gamma globulin (from bovine plasma) were purchased from Sigma. They were dissolved in 0.1 M sodium phosphate buffer (pH 7.5) at a concentration of 5 mg/ml and incubated with purified enzyme for various times. SDS-PAGE was performed to measure degradation as described previously.
RESULTS
Strain selection and culture condition. Of the 12 C. neoformans isolates, isolate NHPY24 showed the largest clear zone and was used for proteinase purification. It was cultured in 0.1% polypeptone and 1% BSA-YCB broth medium at 37°C for 7 days. Proteinase activity was measured with 1% azoalbumin as the substrate. The crude enzyme solution was pooled for proteinase purification.
Proteinase activity assay. One percent azoalbumin (100% degradation) was the best substrate compared to 1% azocasein (30% degradation) and 1% hemoglobin (42% degradation). One percent azoalbumin was used as substrate in each purification step.
Purification of enzyme. Two peaks of proteolytic activity (Fig. 1A) were generated by the first ion-exchange column. The three fractions of the 0.25 M NaCl gradient with highest proteolytic activity were pooled, dialyzed, concentrated, and applied to the gelatin affinity column (Fig. 1B) . The two fractions from this with the highest proteolytic activity were pooled, dialyzed, and concentrated for further study. SDS-PAGE. Concentrated solutions obtained at each purification step were investigated by electrophoresis to assess their purity. The active fractions produced by gelatin affinity 1 kDa) ; F, ␣-lactalbumin (14.4 kDa). The molecular mass of the purified enzyme was determined from its mobility relative to the protein standards.
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43-kDa C. NEOFORMANS EXTRACELLULAR SERINE PROTEINASE 723 chromatography yielded just one band, which was of 43kDa (Fig. 1C) . Optimal pH, temperature, and pI of the purified proteinase. The purified enzyme had a pI of 4.77 ( Fig. 2A) and a maximum activity in 0.1 M phosphate buffer (pH 7.5). The activity increased linearly from pH 6.0 to 7.5, and 80% of the total enzyme activity was manifested between pH 7.0 and 8.0 (Fig.  2B ). It had a narrow temperature optimum with a maximum at 37°C, and it was almost completely inactive at 50 to 70°C (Fig.  2C) .
Effect of proteinase inhibitors. The purified enzyme was inhibited by serine proteinase-specific inhibitors such as PMSF and DFP and general inhibitors such as TLCK and TPCK. It was not inhibited by cysteine proteinase inhibitor (E-64, leupeptin, and iodoacetic acid) or metalloproteinase inhibitor (EDTA) and aspartic proteinase inhibitor (pepstatin A) ( Table 1) . Natural substrate degradation. The purified enzyme progressively degraded ␤-casein, gamma globulin, and hemoglobin. ␤-Casein was rapidly degraded, and the other substrates apparently degraded in about 24 h (Fig. 3) .
DISCUSSION
Proteins secreted by fungal pathogens could be involved in their invasive process and might be useful in vaccine design (4) . The identification and characterization of the C. neoformans extracellular protein is important because proteinases, esterases, and lipases are associated with virulence in other pathogens (5, 10, 11, 12, 14, 20, 22) . C. neoformans is usually considered to be nonproteolytic (21) , but a few studies have focused interest on its proteolytic activity (2, 16) . Extracellular proteinase activity in C. neoformans was first reported in 1972 (16) . In the present study, we collected the extracellular proteinase in YCB medium supplemented with 1% BSA and 0.1% polypeptone. Among the 12 C. neoformans clinical isolates, NHPY24 showed the largest clearing zone in agar supplemented with BSA as a substrate. Chen et al. characterized cryptococcal extracellular proteolytic activity in vitro as a serine proteinase and found it associated with proteins of approximately 200, 100, and 50 kDa (3), In this study, the purified proteolytic enzyme had a molecular mass of 43 kDa as determined by SDS-PAGE. Because the purified enzyme was inhibited by serine proteinase inhibitors such as PMSF and DFP, we concluded that it was a serine proteinase. Goodley and Hamilton succeeded in isolating an extracellular 200 kDa proteinase from the culture filtrate of C. neoformans and showed it to be a Ca 2ϩ -and Mg 2ϩ -dependent serine proteinase with an optimal pH at 7.5 to 8.5 (Abstr. 2nd Int. Conf. Cryptococcus Cryptococcosis). The purified proteinase in this study had almost the same characteristics, but it differed in pH optimum and molecular mass. The purified proteinase is thus a new C. neoformans proteinase. Müller and Sathi (16) first demonstrated the ability of C. neoformans to degrade or split 2 of a total of 13 human plasma proteins tested in their immunoelectrophoretic study. Cryptococcal proteinases degrade several host proteins such as elastin, collagen, fibrin, fibrinogen, complement factors, and immunoglobulins (2, 3, 16) , suggesting that they may be important in tissue disruption and the perturbation of host immunity. The purified proteinase from isolate NHPY24 degraded hemoglobin, ␤-casein, and gamma globulin. It could be involved in tissue disruption and C. neoformans penetration, but its function needs further investigation. 
